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Description 

Technical Field 

The present invention relates to a method of 
measuring the concentration of analytes in liquids 
using two different labelling markers by immunoas- 
say or immunometric techniques, also to an analyt- 
ical devise and kit. 

Background Art 



It is known to measure the concentration of an 
analyte such as a drug or hormone in a liquid by 
exposing the liquid to a receptor having binding 
sites on its molecule for the analyte, separating the 
receptor containing bound analyte from the liquid, 
measuring a value representative of the proportion 
of the available binding sites on the receptor mol- 
ecule that have been occupied by analyte mol- 
ecules (referred to as the fractional occupancy) and 
comparing that value with a corresponding mea- 
sured value obtained with a solution of known con- 
centration of the analyte. 

The measurement of the value in question can 
be achieved by a back-titration technique (See 
WO-A-8401031) involving contacting the receptor 
molecule containing bound analyte with a labelled 
version of the analyte. It is also possible to use. 
instead of labelled analyte, another labelled ma- 
terial able to occupy only those of the analyte 
binding sites on the receptor molecule that are not 
actually occupied by the analyte itself. These two 
systems are called competitive systems because 
the labelled analyte or other labelled material com- 
petes with the analyte being measured to occupy 
binding sites on the receptor molecule. In another 
alternative, the back-titration technique involves 
contacting the receptor molecule containing bound 
analyte with a material able to bind with the bound 
analyte or with only the binding sites occupied by 
bound analyte, this material being itself labelled or 
being subsequently labelled by attachment of a 
labelled marker. This system is known as a non- 
competitive system because there is no competi- 
tion for binding sites. 

In both the competitive and the non-competi- 
tive system the back-titration reagent (analyte or 
other material) is labelled with a marker. A variety 
of markers have been used, for example radioac- 
tive isotopes (radioimmunoassay), enzymes, 
chemiluminescent substances and fluorescent 
markers (fluoroimmunoassay). the latter being ei- 
ther a conventional fluorescent material such as 
fluorescein or a material which becomes fluores- 
cent only on activation and estimation by time- 
resolved pulse fluorescence such as a europium or 
other lanthanide chelate, the magnitude of the flu- 



orescence as revealed on scanning with a high- 
intensity light beam of appropriate wavelength be- 
ing a measure of the amount of the labelled ma- 
terial taken up by the receptor molecule containing 
5 bound analyte. 

Hitherto known assay techniques have depen- 
ded either on a precise knowledge of the total 
amount of the receptor present in each sample or 
on the knowledge that the amount of the receptor 
, io remains precisely the same from sample to sam- 
ple, especially from the unknown sample to the 
standard samples used for calibration purposes. 
With the exception of the assay disclosed in WO- 
A-8401031 they have also required an exact knowl- 

J5 edge of the total sample volume. These require- 
ments derive from the fact that the measured sig- 
nal (e.g. fluorescence) in such systems is repre- 
sentative of the total amount of labelled material 
bound and, provided that not all the labelled ma- 

20 terial has been bound (in which event the system 
would be unresponsive to changes in the amount 
of analyte present), this total amount is dependent 
not only on the fractional occupancy of the binding 
sites on the receptor molecule, but also on the 

25 amount of receptor molecule present. In short, the 
fluorescent signal emitted in hitherto-known 
fluoroimmunoassay techniques has invariably de- 
pended in a complex (and, in practice, unknown) 
manner on the amount of receptor molecule used 

30 in the system and on the total amount of analyte 
present; this implies that both the amount of recep- 
tor and the sample volume used must be carefully 
standardised to ensure correct estimates of the 
analyte concentration in the test sample, such stan- 
ds dardisation being a characteristic and essential fea- 
ture of all hitherto-known fluoroimmunoassay tech- 
niques, particularly those described as competitive 
as defined above. It must be particularly emphasis- 
ed that, in such techniques, the fractional occu- 

40 pancy of the antibody by analyte (and hence the 
fluorescent signal emitted) is itself dependent on 
the amount of receptor present; for example, in- 
creasing the number of receptor molecules by a 
given factor also increases the number of analyte 

45 molecules which it binds, but by a very different 
factor, causing the fractional occupancy of the re- 
ceptor to markedly change. The amount of the 
labelled material binding to the receptor will also 
increase, but likewise in a non-proportional manner. 

so WO-A-8401031. however, discloses a method 

involving backtitration. where the proportional occu- 
pancy of binding sites is independent of the sam- 
ple volume. 

The necessity for standardisation of the amount 
55 of receptor used (a feature of hitherto-known 
fluoroimmunoassay techniques shared by analo- 
gous assay methods using other markers, such as 
radioisotopes) is not only experimentally demon- 
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strable, but is theoretically predictable from consid- 
eration of the Mass Action Laws governing 
receptor/ligand interactions. Moreover, this require- 
ment has also long been recognised as a serious 
disadvantage of these techniques, causing major s 
problems in the quality control of immunoassay 
systems, particularly those in which the receptor 
(antibody) is attached to a solid support, and where 
it may be technically difficult to ensure that pre- 
cisely the same amount of receptor is coupled to w 
the solid material introduced into each sample in- 
cubation mixture. In this context, it must be noted 
that it has not been uncommon for those practised 
in the art to monitor or check the amount of recep- 
tor coupled to solid supports by labelling the re- ;s 
ceptor itself (e.g. with a radioisotope) to ensure 
constancy of the amount so coupled. Furthermore, 
it has also been recognised by those practised in 
the art that small variations in the amount of recep- 
tor coupled could be partially corrected for if, by 20 
use of such a receptor labelling technique, the 
deviation from the standard amount of receptor 
were known. Nevertheless, because the fractional 
occupancy by analyte of antibody binding sites 
depends in a complex and, in practice, unknown 25 
manner on both the amounts of receptor and an- 
alyte present, such approximate corrections are of 
limited usefulness and rarely if ever applied rou- 
tinely. 

For example, it has been proposed in Interna- 30 
tional Patent Application WO 80/02076 to improve 
the quality control of immunoassays by providing 
two separate labels, preferably fluorescent labels, 
in the system, one label being attached to the 
competing ligand (as defined above), and a second 35 
label being attached to the receptor molecule. It is 
stated there that direct . labelling of the receptor 
molecule has the advantage that the receptor mol- 
ecule can be quantitatively detected during an im- 
munoassay procedure independently of quantitative 40 
detection of the labelled (competing) ligand so that 
the immunoassay : procedure may be made self- 
calibrating. In accordance with the preferred form 
of that invention, a fluorescent label on the receptor 
molecule and a fluorescent label on the labelled 45 
(competing) ligand are detected quantitatively while 
they are bound to each other and the quantity of 
the analyte present in an unknown sample is deter- 
mined as a function of the ratio of the quantitative 
measurements of the two labels. so 

It is evident from the disclosures in 
WO/80/02076 that, apart from the use of a second 
label, the immunoassays described are conducted 
in a conventional manner. In so-called "competitive 
immunoassays", it is usual to employ sufficient 55 
receptor to bind 30-50% of both the labelled ligand 
and unlabelled analyte molecules present (at un- 
labeled analyte concentrations approaching zero). 



In so-called "non-competitive" assays, even higher 
concentrations of receptor are conventionally used, 
binding close to 100% of the analyte present. 
Clearly, in both these circumstances, the ratio of 
the signals emitted by the labelled receptor and 
labelled back-titration marker does not remain con- 
stant if the amount of receptor varies. (For exam- 
ple, in a non-competitive assay design, doubling 
the amount of the labelled receptor will not signifi- 
cantly increase the amount of analyte bound; 
hence the ratio will roughly halve. Similar consider- 
ations apply to the competitive systems discussed 
in WO/80/02076.) 

The disclosures in WO 80/02076 thus merely 
provide a crude means of approximately correcting 
for minor variations in the amount of receptor 
present in assay systems of this type as described 
above, and are restricted in their application to this 
purpose. In short, the ratio of the quantitative mea- 
surements of the two labels (labelling receptor and 
competing ligand respectively) can be demonstrat- 
ed, both theoretically and experimentally, not gen- 
erally to constitute a measure of the amount of 
analyte in a conventional receptor-based assay 
system (such as an immunoassay), and the use of 
this ratio as a response variable will therefore gen- 
erally give rise to analyte measurements which are 
grossly in error. Thus, though the disclosures in 
WO 80/02076 offer a technique (of limited useful- 
ness) for simultaneously monitoring (and approxi- 
mately correcting for) small variations in the 
amount of receptor present in individual sample 
incubation tubes as discussed above, they do not 
describe the design and operation of assay sys- 
tems in which the measured ratio of two labels is 
an accurate and reliable measure of the analyte 
concentration in the sample. 

Furthermore it must be emphasised that even 
when - as is usually the case - the amount of 
receptor can be very accurately standardised (i.e. 
the amount of receptor in every incubation tube 
can be held constant to very close limits and in 
which correction for the amount of receptor present 
as disclosed in WO 80/02076 is neither necessary 
nor useful), the resulting immunoassay system will 
normally require "calibration" (i.e. the inclusion of 
sets of assay standards containing known amounts 
of analyte) and this is conventional in the art. 
Insofar as the claim made in WO 80/02076 that 
labelling of the receptor renders an immunoassay 
'self-calibrating* possesses validity, it is only in the 
restricted sense that short-term variations in the 
efficiency of the signal detecting equipment (e.g. 
the radioisotope counter, fluorometer etc., depend- 
ing on the label employed) can likewise be auto- 
matically corrected for (since a reduction in detec- 
tion efficiency for one label would be expected to 
be accompanied by a roughly proportional reduc- 
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1 tion in detection efficiency for the other, causing 
the ratio to remain approximately constant). 

Thus, in summary, the disclosure in- WO 
80/02076 provide at most the means of approxi- 
mately correcting for a. small variations in the 
amount of receptor used in receptor-based assays 
and b. small, short term, variations in the signal 
detection efficiency of label-measuring equipment. 
These corrections are of questionable validity and 
restricted utility, and have not, for these reasons, 
been adopted in routine assay practice. 

Summary of Invention 

My present invention relates to receptor assays 
of completely different concept and design from 
those envisaged or described in WO 80/02076, and 
in which the fractional occupancy of the receptor is 
a true, accurate and reliable measure of the analyte 
concentration in the medium (irrespective of the 
total amounts of receptor and or analyte present). 
These systems (not referred to nor visualised in 
WO 80/02076) necessarily and specifically depend 
on measurement of the fractional analyte occu- 
pancy of the receptor, i.e. on measurement of the 
"7\ ratio of unoccupied (or occupied) to total receptor 
sites (or some essentially equivalent ratio, e.g. the 
unoccupied/occupied site ratio), and therefore de- 
sirably require the separate labelling of these two 
classes of site. I have found, inter alia, that these 
systems require that the relative amounts of recep- 
tor and analyte, and the affinity between them, are 
such that the introduction of the receptor into the 
test sample has no significant effect on the con- 
centration therein of the analyte. 

According to the present invention, therefore, 1 
provide a method of determining the concentration 
of an analyte in an unknown liquid sample compris- 
ing contacting the sample with a receptor having 
binding sites on its molecule for the analyte and 
labelled with a first marker, whereby a fraction of 
the binding sites on the receptor molecule become 
occupied by the analyte. back-titrating the receptor 
having fractionally occupied binding sites by 
means of a back-utration technique involving a sys- 
tem including a second marker different from the 
first, measuring the relative strengths of the two 
signals produced by the two markers to provide a 
value representative of the fractional occupancy of 
the binding sites on the receptor molecule by the 
analyte. and comparing that value with one or more 
corresponding values obtained in the same way 
using one or more standard liquid samples of 
known analyte concentration, characterised in that 
the unknown and standard liquid samples are each 
contacted with such a small amount of the recep- 
tor, having regard to its affinity constant with the 
analyte. that only an insignificant fraction of the 



analyte becomes bound to the receptor. 

When I refer to an insignificant fraction of the 
analyte I mean a fraction sufficiently small that the 
errors introduced by permitting a change in the 

5 initial analyte concentration are as small as. or 
smaller than, the errors unavoidably introduced into 
the measuring procedure elsewhere by limitations 
in the accuracy of sample and reagent manipula- 
tion, signal measurement, standardisation, tempera- 

w ture variation and the like. Generally speaking, 
such errors customarily amount (in total) to 10% or 
less, and the binding of 5% or less of the total 
analyte in test samples would therefore be likely to 
cause inter-sample measurement errors arising 

is from this particular source to contribute negligibly 
to the total. Nevertheless this limit can sometimes 
be exceeded without detriment. Ideally, however, it 
is preferable to minimise measurement error by 
reducing the amount of analyte bound to the recep- 

20 tor to 1-2% (or less) of the total. 

Provided that only an insignificant fraction of 
the analyte becomes bound, I have found that the 
fractional occupancy, F, of the binding sites on the 
receptor molecule is related to the concentration of 

25 analyte in the sample by the following equation (at 
thermodynamic equilibrium) 



30 



F = 



KIA] 



1 + KtAl 



where [A] is the concentration of the analyte in the 
sample and K is the affinity constant of the recep- 

35 tor for the analyte and is a constant at a given 
temperature. 

In the method according to the invention any of 
the known types of marker can be used, for exam- 
ple radioactive isotopes (for example radioactive 

40 iodine), chemiluminescent substances, fluorescent 
markers and enzymes. These may be attached to 
the receptor molecule and the back-titration 
reagent in conventional ways. Both markers will 
usually be of the same type, although different. 

45 The markers will be quantitatively detected in a 
manner appropriate to their nature, for example by 
counting the radioactivity of a radioactive marker or 
scanning a fluorescent marker with a light beam, if 
necessary after activation. Preferably fluorescent or 

so potentially fluorescent markers are used. It is possi- 
ble to excite the two fluorescent marker labels 
simultaneously by scanning with a single light 
beam of appropriate wavelength and to measure 
the relative strengths of the two fluorescent signals. 

55 This ratio is directly representative of the fractional 
occupancy of the binding sites of the receptor and. 
under the condition mentioned above, is indepen- 
dent of the exact amount of receptor present and 
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of the proportion of the total amount which is 
ultilised for the determination by scanning with the 
light beam. Hence there is no longer the need to 
use unvarying or precisely known amounts of re- 
ceptor, nor for the surface density of the receptor 
on its substrate to be uniform. 

In another aspect my invention involves the 
formation of labelled products as intermediates in a 
method according to the invention, said labelled 
products comprising receptor molecules labelled 
with a first, preferably fluorescent marker and hav- 
ing binding sites a proportion of which are oc- 
cupied by molecules of an analyte, said proportion 
being fully representative of the concentration of 
the analyte in a sample with which the receptor 
molecules have been contacted because of the use 
of only a trace amount of the receptor relative to 
the analyte, and a material bound either directly or 
indirectly to the occupied binding sites or to the 
unoccupied binding sites and labelled with a sec- 
ond, preferably fluorescent marker different from 
the first. 

In yet another aspect my invention provides a 
kit for use in a method of determining the con- 
centration of an analyte in a liquid sample, said kit 
comprising a solid substrate having attached there- 
to molecules of a receptor labelled with a first, 
preferably fluorescent marker and having binding 
sites for an analyte, the amount of receptor on the 
substrate being selected according to the size of 
the liquid sample so that only an insignificant frac- 
tion of the analyte in the sample becomes bound to 
the receptor, one or more standard solutions con- 
taining known concentrations of the analyte and a 
back-titration reagent labelled with a second, pref- 
erably fluorescent marker different from the first 
and able to bind directly or indirectly either with the 
bound analyte or with the binding sites occupied 
by the bound analyte or to bind with the binding 
sites not occupied by the bound analyte. 

The kit according to the invention preferably 
includes an extended solid substrate, such as a 
plate or rod. bearing at a plurality of spaced-apart 
locations a plurality of receptors each having in 
their molecule binding sites for an analyte, the 
receptor at any one location having binding sites 
specific for an analyte different from those on re- 
ceptors at one or more other locations, each of the 
receptor molecules being labelled with a marker. 
In the accompanying drawing, 
Figure 1 illustrates schematically a competitive 
and non-competitive system according to the 
invention, and 

Figure 2 is a perspective view of an analytical 

tool according to the invention. 
Referring to Figure 1 , the diagram shows label- 
led receptors 2. exemplified by a first anti-analyte 
antibody labelled with a first fluorophor (not 



shown), situated on the surface of a solid support 
1. The receptors 2 have on their molecules binding 
sites, some of which are occupied by analyte mol- 
ecules 3. In the non-competitive system A the 
5 bound analyte molecules 3 are in turn bound to a 
labelled material, exemplified by a second anti- 
analyte antibody 4 labelled with a second fluoroph- 
or (not shown). In the competitive system B the 
binding sites on the first anti-analyte antibodies 2 
io that are not occupied by the analyte 3 are oc- 
cupied by a labelled reagent, exemplified by an 
anti-idiotypic antibody 5, also labelled with the sec- 
ond fluorophor (not shown). The complete system 
is scanned by a laser beam 6 and the first- 
T5 fluorophor emits a-photons 7 and the second- 
fluorophor emits ^-photons 8 differentiated from 
the a-photons by some property or effect. Both a- 
and ^-photon signals will be affected equally by 
changes in the total amount or surface density of 
so the first anti-analyte antibody present, provided that 
the fractional occupancy of binding sites is un- 
changed, but only the o-photon signal will be af- 
fected by changes in the fractional occupancy of 
the binding sites by the analyte, being increased 
25 with increasing occupancy in the non-competitive 
system but decreased with increasing occupancy 
in the competitive system. Thus, the ratio of the 
two signals is dependent on the fractional occu- 
pancy but not on the total amount of the first anti- 
30 analyte antibody. 

My invention can be used for the estimation of 
any analyte for which a receptor having appropriate 
binding sites in its molecule is known or can be 
produced. It may particularly be used to estimate 
35 accurately concentrations in the picomolar or 
nanomolar ranges as well as higher concentrations 
in the micromolar range, e.g. 10" 9 to 10" s molar. 
Analytes that can be estimated in this way include 
hormones such as thyroid hormones or steroid 
40 hormones, e.g. Cortisol, vitamins, proteins and pro- 
tein hormones such as insulin and gonadotropins, 
viruses, drugs, poisons and other normal or ab- 
normal components of human or animal body fluid 
such as blood, serum, saliva, urine or the like. 
45 Examples of such analytes are listed in WO 
80/02076 mentioned above, and their concentra- 
tions may be measured by the process of the 
present invention. Trace contaminants such as tox- 
ins, foreign proteins and the like in foodstuffs and 
so biological contaminants in water and other liquid 
media can also be estimated. The analyte to be 
estimated may be present in a sample in equilib- 
rium with the same analyte reversibly bound to a 
binding agent, such as endogenous binding pro- 
55 tein. the concentration of free analyte being mea- 
sured by the method of the invention. Alternatively 
the sample can be free from reversibly bound 
analyte, and the invention can have greater impor- 
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tance for such measurements as the reversibly 
bound analyte is not available to dissociate and 
hence to buffer changes in analyte concentration 
due to uptake by the receptor molecule. 

The receptor used will be one having binding 
sites on its molecule for the analyte to be es- 
timated. These binding sites should be essentially 
constant in number per molecule and should thus 
be chemical binding sites rather than non-specific 
physical adsorption sites. They should also be ca- 
pable of occupation solely by the analyte as com- 
pared to any other ingredient of the samples un- 
dergoing estimation and will thus preferably be 
specific to the analyte. Antibodies, e.g. monoclonal 
antibodies, are particularly preferred receptor mol- 
ecules, but enzymes specific to individual analytes 
are other examples of receptor molecules that can 
be used. Antibodies to a wide variety of analytes 
are known or described in the literature or are 
commercially available and other antibodies spe- 
cific to other hormones etc. can be manufactured 
by known techniques forming no part of this inven- 
tion. To maximise the precision of measurement 
the receptor is preferably chosen with an affinity 
constant for the analyte such that between 25% 
and 75% of the binding sites on the receptor 
molecule are occupied by the analyte at its ex- 
pected concentration in the unknown sample, i.e. it 
has an affinity constant from one third to 3 times 
the reciprocal of the expected analyte concentra- 
tion. Affinity constants for receptors may be deter- 
mined by a standard Scatchard analysis (Ann. N.Y. 
Sci.. 5K (1949. 660). 

The entities to be labelled for im- 
munofluorometric or fluoroimmunoassay, whether 
antibodies (both anti-analyte and anti-idiotypic). en- 
zymes, analytes or the like, can be labelled either 
with conventional fluorescent materials such as 
fluorescein or with materials usable in time-re- 
solved pulsed fluorescence, such as europium and 
other lanthanide chelates, see for example S. 
Dakubu and others. "High sensitivity pulsed-light 
time-resolved fluoroimmunoassay" in "Practical Im- 
munoassay" edited by W. Butt, Marcel Dekker Inc. 
(1984) at pages 71-101 and both types of material 
are within the term "fluorescent marker". Methods 
for labelling entities with fluorescent markers to 
give an appropriate (sufficiently high) specific activ- 
ity (proportion of labelled molecules to total mol- 
ecules or total binding sites) are known in the art 
and described in the literature, for example in 
"Alternative Immunoassays", edited by W.P. Col- 
lins, published by John Wiley & Sons Ltd., in 1985. 
especially Chapter 13, and in the references cited 
therein such as Soini E. and Hemmilaa I.. 
"Fluoroimmunoassay: present status and key prob- 
lems" Clin. Chem.. 25. 353-361 (1979). European 
Patent Applications 27963 and 64.484. UK Patent 



Specification 1.560,402 and International Patent Ap- 
plication WO 86/01064, for which I am a co-ap- 
plicant, and the references mentioned in its text or 
search report, also WO 80/02076 mentioned above. 

5 are further examples of literature on the topic. Such 
techniques can be used for labelling the receptor 
molecules for use in the present invention. It is also 
possible to effect labelling by incorporation of a 
fluorescent unit into a suitable material by means 

/o of a recombinant DNA technique. As mentioned 
above, labelling with radioisotopic, chemilumines- 
cent and other markers is also within the scope of 
the invention. 

Reagents suitable for use in the back-titration 

/5 technique either using a competitive system, for 
example with an anti-idiotypic antibody or a label- 
led analyte. or a non-competitive system, for exam- 
ple with an anti-analyte antibody, are also either 
known in the art or can be manufactured by con- 

20 ventional techniques. The reagents may them- 
selves be labelled with a marker, preferably a flu- 
orescent marker, again of a known or conventional 
type using a known or conventional technique, be- 
fore use or they may be reacted in situ with a 

25 further reagent which is itself labelled with such a 
marker. They need not differ from the back-titration 
reagents used in conventional immunoassay tech- 
niques employing unlabelled receptor molecules 
except in so far as it is necessary, for example to 

30 ensure that when two fluorescent markers are used 
they emit signals which can be differentiated on 
scanning simultaneously with a light beam if such a 
technique is used. The back-titration can be per- 
formed subsequently to the separation of the un- 

35 bound analyte from contact with the receptor mol- 
ecules (a two-step assay) or. provided that the 
sample volume is known, simultaneously with con- 
tact of the unbound analyte with the receptor mol- 
ecules (a one-step assay). 

40 The signals emitted by the two markers may 

be signals capable of being differentiated in various 
alternative ways, for example by wavelength of the 
emitted photons, by time decay of the fluorescence 
in the case of time-resolved pulsed fluorescence 

45 (both or only one of the markers showing such 
decay), or by polarisation. The wavelengths, time- 
decay patterns and so forth of a variety of marker 
systems are already known in the literature and 
others can be determined by known techniques. 

so The two markers should provide signals which are 
sufficiently different to enable them to be resolved 
by the measuring instrument. The characteristics of 
the fluorescent signals emitted by a variety of 
fluorescent markers under particular conditions are 

55 already known or described in the literature and 
those of others can be determined in conventional 
ways. Thus the selection of an appropriate pair of 
markers is within the competence of those skilled 
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in the art. 

Although it is in principle possible for the mea- 
surement of the ratio of the signals to be made in 
solution this would necessitate the complete re- 
moval of all the labelled back-titration reagent 
which is not bound to the labelled receptor 
molecule/bound analyte system, for example using 
an immunoadsorbent. before the measurement 
could be effected, and such a removal step is 
inconvenient. I prefer therefore that the labelled 
receptor molecules be bound as a monolayer to a 
solid substrate and be separated from the residual 
unbound analyte and the residual unbound labelled 
back-titration reaction present in the liquid(s) in 
which the assay is conducted before measurement 
of the signal ratio is undertaken. Suitable sub- 
strates are made of glass, plastics or the like and 
techniques for binding receptor molecules such as 
antibodies to such surfaces are known and can be 
used for the purposes of this invention, see for 
example US Patents 4,399.217, 4.381.291, 
4,357,311, 4,343,312 and 4 t 260,679. 

In a further related invention it is possible to 
bind a variety of different labelled receptor mol- 
ecules at spaced-apart locations on a single ex- 
tended solid substrate such as a plate or rod. e.g. 
of inert plastics material such as polystyrene, each 
of the different locations being provided with recep- 
tor molecules having binding sites for one particu- 
lar analyte, so that different locations bind different 
analytes. Such a multi-spot device can then be 
used to estimate concentrations of a plurality of 
analytes in a single liquid sample, separate labelled 
back-titration reagents being provided for each dif- 
ferent analyte such that each pair of labels is 
capable of being differentiated and the ratio of the 
strengths of the signals determined. This is of 
particular advantage where a liquid such as a body 
fluid contains or may contain several different con- 
stituents of interest and the concentration of each 
needs to be known. (Although the use of labelled 
receptor molecules facilitates the production of 
such a multi-spot device because the amount of 
receptor molecule need not then be constant from 
spot to spot and device to device, it would also be 
possible to produce such a plate by using unlabel- 
ed receptor molecules provided that the amount of 
receptor molecule in each spot could be accurately 
known by other means and/or accurately controlled 
so as to be constant from device to device.) 

Such an analytical tool is illustrated in Figure 2 
of the accompanying drawing. Referring to that 
Figure, a plate 20 of rectangular or other conve- 
nient shapeis made of polystyrene or other inert 
material. It is formed with a plurality of depressions 
or wells 21 each of a size to accommodate a 
microbead 22, likewise made of polystyrene or 
other inert material, suitably having a diameter of 



about 1 mm or less. These beads have previously 
been soaked in a conventional manner in solutions 
containing a receptor such as an antibody so as to 
deposit the receptor as a layer on the surface of 

5 the bead, different beads being soaked in different 
solutions containing different receptors, and the 
various receptors being chosen according to the 
analytes to be estimated and being optionally label- 
led with an appropriate marker. The microbeads 22 

;o are retained in the walls 21 by an appropriate inert 
adhesive such as a conventional commercially 
available adhesive for polystyrene. 

In use of such a device having labelled micro- 
beads the microbeads 22 on the plate 20 are 

/5 contacted with the sample containing analyte(s) to 
be estimated and then with appropriate back-titra- 
tion reagents bearing appropriate labels followed 
by estimation of the relative signal strengths of the 
two markers. Different markers will be chosen for 

20 different beads and back-titration reagents to en- 
able the readings for one bead to be separated 
from those for another or alternatively each bead 
will be scanned separately, the latter alternative 
being facilitated by the use of fluorescent or 

25 fiuorogenic markers. 

Such a device can be constructed in numerous 
other ways. For example the beads 22 could be 
dispensed with and the receptors applied directly 
to the wells 21 as solutions and optionally the 

30 solvents removed leaving solid layers. Or the 
beads and wells could be dispensed with and the 
receptors printed onto the plate surface in an ap- 
propriate manner. The plate could also be replaced 
by a rod or other base. The number of different 

35 receptors could be as few as 2 or considerably 
higher, for example 5, 10 or more, and the number 
of different spots with the same receptor could be 
one or more, the use of several spots with the 
same receptor providing means for checking the 

40 results from a single spot. 

Instruments capable of measuring pulsed flu- 
orescent signals from materials on a solid substrate 
such as a plate are known, for example as supplied 
by CyberFluor Inc., of Toronto, Ontario, Canada, as 

45 are instruments for measuring signals in solution. If 
Instruments for the direct measurement of the ratio 
in a single step are not available it is possible, 
although less preferred, to measure the two signals 
separately and to construct a ratio from those mea- 

so surements with appropriate . safeguards. WO 
80/02076 mentioned above describes other mea- 
suring instruments which may be used in the 
present invention. The scanning light beam is pref- 
erably a high-intensity monochromatic or substan- 

55 tially monochromatic beam, especially a laser 
beam. The wavelengths for the excitation of the 
fluorescence using the scanning light beam should 
be chosen according to the nature of the fluores- 
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cent markers according to known principles and it 
is clearly preferable for both signals to be capable 
of excitation by and actually to be excited by a 
beam of a single wavelength. Pulsed fluorescence 
with time-resolution is the preferred technique for 
at least one of the markers because it enables the 
background interference to be screened out more 
readily, but it is not an essential part of my inven- 
tion. If other types of marker are used appropriate 
standard counting or estimating devices and meth- 
ods are used instead. 

Because the invention is operated using anti- 
bodies or other receptor molecules in such a small 
amount and of such an affinity constant for the 
analyte to be estimated that only an insignificant 
fraction (usually less than 5%, preferably less than 
1%) of the total amount of analyte present in the 
sample becomes bound to the receptor molecules, 
it is unnecessary to use a sample of known volume 
for the concentration measurement or samples of 
constant volume for the calibration tests, nor need 
such volume be measured accurately or at all, 
provided that it is sufficiently large in relation to the 
amount of receptor that only an insignificant frac- 
tion of the analyte becomes bound to the receptor. 
The device can therefore be used as a probe to 
monitor mixed analyte concentrations in large bulks 
of fluid such as are found in industrial processes. 

A further advantage is that, when using fluores- 
cent markers and scanning with a light beam, the 
light beam need not encompass the entire spot 
containing the receptor molecules but can merely 
sample a portion of the spot because the total 
amounts of bound analyte and receptor molecule 
need not be studied. 

It is also unnecessary that when using a com- 
petitive system for the back-titration the labelled 
anti-idiotypic antibody or other labelled back-titra- 
tion reagent should occupy all the binding sites left 
unoccupied by the analyte, provided that it oc- 
cupies a proportion of them which remains con- 
stant as between estimations using the liquid sam- 
ple of unknown analyte concentration and the stan- 
dards of known analyte concentration. This wil! in 
general involve the use of constant (relatively high) 
concentrations of anti-idiotypic antibody or other 
labelled back-titration reagent exposed to trace 
amounts of the receptor molecule/bound analyte 
system or the use of constant volumes as well as 
constant concentrations. Similar remarks apply to 
the reaction of the bound analyte the analyte-oc- 
cupied binding sites in the non-competitive back- 
titration system. 

The present invention can be packaged for 
commercial use in the estimation of analytes in 
hospitals and the like, in conjunction with an appro- 
priate fluorescence-measuring instrument, in the 
form of a kit composed of the labelled receptor 



molecules on a solid substrate, standard solutions 
of the analyte and labelled back-titration reagents. 
Use of such a kit will enable the measurements to 
be performed routinely on suitable instruments. 
5 The invention is further illustrated by the follow- 

ing Examples. 

Example 1 

jo Illustration of basic principles of methodology 

in an assay of thyroxine (T4) using radiolabeled 
( l3l l) antithyroxine antibody and radiolabeled ( 12S I)- 
thyroxine, and of the selection of reagent con- 
centrations to yield a valid label ratio immunoassay 

75 method. 

(Antithyroxine antibody is commercially readily 
available, and has also been prepared in the De- 
partment of Molecular Endocrinology, the Midd- 
lesex Hospital Medical School, Mortimer Street, 

20 London, both by conventional (in vivo) immunisa- 
tion techniques, and by in vitro monoclonal anti- 
body production methods.) The antithyroxine anti- 
body used in this Example was a specific T4 
monoclonal antibody prepared by selection from a 

25 range of antibodies produced by immunisation of 
mice using bovine thyroglobulin as immunogen. It 
possesses a binding constant in the order of 10 9 
1/M and is otherwise unexceptional in its binding 
characteristics. It was labelled with 131 1 using the 

30 conventional chloramine-T technique commonly 
used for the preparation of iodine-labelled anti- 
bodies and other proteins. It was subsequently 
coupled to a commercially available microcrystal- 
line cellulose (Sigma-Cell Type 20) using a conven- 

35 tionai technique (Clinica Chimica Acta. Vol. 118, 
(1982) pp. 129-134). 

High specific activity 12S I labelled thyroxine was 
purchased from Amersham International, Amer- 
sham, Berks. 

40 T4 present in serum (1 ml) was extracted using 

a commercially available anion exchange resin 
(BioRad AG 1x2 (400-600 mesh) as a column) and 
efuted with 70% acetic acid after washing (see 
Endocrinology, U7 (1985), page 1890). Recovery 

45 experiments (using negligible trace quantities of 
12 *7 labelled T4 initially added to the test serum) 
revealed total recoveries in the order of 70%. Test 
serum eluates were each redissolved in a standard 
Hepes buffer (50 ml) to yield T4 solutions cal- 

50 culated as lying in the concentration range 0.5-1.5 
ng/ml (i.e. in the order of 10~ 9 M/l. Standard T4 
solutions were made up by appropriate dilution of a 
stock solution of T4 in Hepes buffer to yield a 
range of TA concentrations lying between 0 and 10 

55 ng/ml. 

In an initial series of experiments, different 
amounts of solid-phased 13l l-labelled antibody were 
incubated together with 1 ml volumes of standard 
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solutions containing T4 together with tracer 
amounts of 125 Mabelled T4, the combined T4 con- 
centration equalling 0.1 ng/ml, for incubation times 
varying from 10 minutes to 8 hours. Following 
incubation, the solid-phased antibody was sepa- 
rated by centrifugation, washed, and the adsorbed 
l2S l-labelled T4 counted using a dual channel gam- 
ma counter, and conventional calculation methods, 
to distinguish 125 1 activity per se. Curves relating 
antibody-adsorbed 125 (activity to incubation time 
and amount of labelled antibody were drawn. On 
the basis of this data, an amount of antibody and 
an incubation time were selected such that in the 
order of 5% of the total T4 present in the incuba- 
tion mixture (i.e. approximately 5 pg, yielding ap- 
proximately 1000 125 1 cpm) was calculated as being 
adsorbed by the antibody (i.e. an amount of anti- 
body yielding approximately 200 131 1 cpm and a 
total incubation time of 4 hours). It was confirmed 
that under these conditions: a. increasing or de- 
creasing the amount of antibody used by factors of 
2 did not significantly (i.e. within 2%) change the 
125 1/ 1 31 1 ratio; b. increasing the volume of the stan- 
dard solution used did not affect the 125 l/ 13l | ratio. 

Using this standard amount of antibody, assay 
calibration was effected in the following manner. 
The standard amount of antibody was incubated 
with 1 ml volumes of the standard T4 concentra- 
tions described above for 4 hours. The solid phas- 
ed antibody was then, in each case, isolated by 
centrifugation. briefly washed with buffer and rein- 
cubated with 3 ml volumes of a standard solution 
of 12S l-labelled T4 containing approximately 1 ng/ml 
T4 for a further period of 4 hours. The solid phased 
antibody was again, in each case, isolated by cen- 
trifugation, carefully washed 4 times to remove all 
remaining 125 Mabelled T4 solution, and the 125 1/ 131 ! 
ratio corresponding to each standard T4 concentra- 
tion measured. Since a standard amount of anti- 
body (yielding approximately 200 131 1 cpm had 
been used in this series, the 131 1 count was essen- 
tially constant in each case; the 125 1 count never- 
theless varied from approximately 2000 cts/min in 
the case of the zero T4 concentration standard to 
approximately 200 cpm in the case of the 10 ng/ml 
T4 standard (i.e. a t2S I/ 1 31 1 ratio ranging 10:1 to 
1:1). It was again confirmed.- in a further series of 
experiments, a. that five-fold variations in the 
amount of solid phased antibody used did not 
affect the shape and position of the dose response 
curve, and b. that comparable factorial increases in 
the volumes of the standard T4 solutions likewise 
did not affect the curve. These results demon- 
strated the system to be independent of sample 
volume and antibody concentration. The system 
was subsequently employed to assay the T4 ex- 
tracts obtained as described above, the '^l/ 131 ! 
ratio values for the unknowns being compared with 



the standard curve in the usual way, and the re- 
sults compared with those obtained in a conven- 
tional T4 assay procedure. Results were closely 
comparable, agreement being usually within 5%, 
s and rarely worse than 10%. 

Example 2 

Establishment of a dual fluorescence T4 assay 

jo method. 

Example 1 illustrates the route taken to estab- 
lish a valid "dual label ratio" competitive im- 
munoassay method. Substitution of a fluorescein 
label for t25 l for labelling T4, and of a rhodamine 

75 label for 131 1 to label anti-T4 antibody have enabled 
establishment of an analogous dual-fluorescence 
ratio immunoassay method. The labelling of anti- 
body and T4 with these fluorescent labels was 
effected by conventional methods 

20 "Immunochemistry in Practice", A Johnston and R 
Thorpe, Blackwell Scientific Pub (1982). However, 
in order to assist in selection of the correct reagent 
concentrations, certain experiments were conduct- 
ed using dual-labelled antibody (i.e. labelled with 

25 133 l and rhodamine), and dual labelled T4 (i.e. 
labelled with 125 1 and fluorescein). Furthermore, 
antibody was coated (by adsorption) onto small 
polystyrene discs, rather than covalently linked to 
microcellulose as described in Example 1, using a 

30 well-known technique for coating polystyrene. In 
this example, the T4 concentration present in the 
unknown samples was determined from the 
rhodamine/fluorescein fluorescence ratio using a 
Perkin Elmer Type LF-5 luminescence spectrom- 

35 eter (fiuorimeter) to measure the fluorescence sig- 
nals sequentially. The results thus obtained were 
again compared with those relying on measure- 
ments of the isotope ratio as described in Example 
1 and with a conventional T4 assay procedure, and 

40 again satisfactory agreement obtained. 

Example 3 

Establishment of a dual fluorescence T4 assay 
45 method involving time-resolved pulse fluorescence. 

Instead of labelling the T4 and anti-T4 antibody 
with fluorescein and rhodamine as in Example 2, 
they were labelled respectively with terbium and 
europium chelates with EDTA (ethylene diamine 
so tetraacetic acid) coupled onto the antibody in a 
known manner. The signal ratio was measured by 
known pulsed-light fluorescence techniques using a 
known time-resolving fiuorimeter, and the results 
obtained with the unknown sample compared with 
55 the calibration curve obtained with standard solu- 
tions. Again satisfactory agreement was obtained 
with results obtained by other methods. 
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Example 4 

A kit for use in the estimation of RSH 
(thyrotrophin) according to the invention is com- 
posed of the following components: 5 

(a) A monoclonal anti-TSH antibody commer- 
cially available from the Department of Endocri- 
nology, the Middlesex Hospital Medical School. 
Mortimer Street. London, is immobilised on a 
solid plate and labelled with fluorescein. ;o 

(b) Standard solutions contain 0.2, 1 .0. 5.0, 20.0 
and 100 micro-international units of TSH per 
mol. 

(c) The back-titration reagent is likewise a com- 
mercially available anti-TSH monoclonal anti- 75 
body, this time labelled with a europium (III) 
chelate with cupric trifluoroacety (acetone and 
formaldehyde in a manner similar to that pro- 
posed in published International Patent Applica- 
tion WO 86/01604. The first antibody is perma- 20 
nently fluorescent and the second is capable of 
estimation by time-resolved pulse fluorescence. 

Such a kit can be used for the estimation of 
TSH by a similar procedure to that described in 
Examples 1-3 above, the amount of anti-TSH anti- 25 
body and the size of the sample containing TSH 
being chosen relative to one another so that about 
5% or less of the TSH in the sample is bound to 
the anti-TSH antibody on the plate. The back- 
titration involves a non-competitive system rather 30 
than a competitive system but is in principle the 
same. 

Claims 

35 

1. A method of determining the concentration of 
an analyte in an unknown liquid sample com- 
prising contacting the sample with a receptor 
molecule having binding sites for the analyte 
and labelled with a first marker, whereby a 40 
fraction of the binding sites on the receptor 
molecule become occupied by the analyte, 
back-titrating the receptor having fractionally 
occupied binding sites by means of a back- 
titration technique involving a system including 45 
a second marker different from the first, mea- 
suring the relative strengths of the two signals 
produced by the two markers to provide a 
value representative of the fractional occupan- 
cy of the binding sites on the receptor mol- 50 
ecuie by the analyte, and comparing that value 
with one or more corresponding values ob- 
tained in the same way using one or more 
standard liquid samples of known analyte con- 
centration, characterised in that the unknown 55 
and standard liquid samples are each con- 
tacted with such a small amount of the recep- 
tor, having regard to its affinity constant with 



the analyte, that only an insignificant fraction of 
the analyte becomes bound to the receptor. 

2. A method as claimed in claim 1, characterised 
in that the markers are fluorescent markers. 

3. A method as claimed in claim 1 or 2, charac- 
terised in that the back-titration technique in- 
volves a competitive system including a back- 
titration reagent selected from the analyte 
labelled with a marker and another material 
able to occupy only the unoccupied analyte 
binding sites on the receptor molecule and 
labelled with a marker. 

4. A method as claimed in claim 1 or 2, charac- 
terised in that the back-titration technique in- 
volves a non-competitive system including a 
back-titration reagent which is able to bind with 
the bound analyte or only with the receptor 
molecule binding sites occupied by the bound 
analyte and which is already labelled or is 
subsequently labelled with a marker. 

5. A method as claimed in any of claims 1 to 4, 
characterised in that the insignificant fraction is 
less than 2% of the total amount of the analyte 
present 

6. A method as claimed in any of claims 1 to 5, 
characterised in that the receptor is an anti- 
body for the analyte. 

7. A method as claimed in any of claims 1 to 6, 
characterised in that the analyte is a hormone. 

8. A method as claimed in any of claims 1 to 7, 
characterised in that the sample containing the 
analyte does not contain the analyte reversibly 
bound to a binding agent. 

9. A method as claimed in any of claims 2 to 8, 
characterised in that the markers are different 

^ lanthanide chelate becoming fluorescent only 
on activation and the fluorescence is estimated 
by time-resolved pulse fluorescence involving 
scanning with a high-intensity light beam. 

10. A kit for use in a method determining the 
concentration of an analyte in a liquid sample, 
said kit comprising a solid substrate having 
attached thereto molecules of a receptor label- 
led with a first, preferably fluorescent marker 
and having binding sites for an analyte. the 
amount of receptor on the substrate being se- 
lected according to the size of the liquid sam- 
ple so that only an insignificant fraction of the 
analyte in the sample becomes bound to the 
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receptor, one or more standard solutions con- 
taining known concentrations of the analyte 
and a back-titration reagent labelled with a 
second, preferably fluorescent marker different 
from the first and able to bind directly or 5 
indirectly either with the bound analyte or with 
the binding sites occupied by the bound an- 
alyte or to bind with the binding sites not 
occupied by the bound analyte. 

70 

11- A kit as claimed in claim 10, characterised in 
that it includes an analytical device comprising 
an extended solid substrate bearing at a plural- 
ity of spaced apart locations a plurality of 
different receptors each having binding sites 75 
on their molecule for an analyte, the receptor 
at any one location having binding sites spe- 
cific for an analyte different from the analyte 
for which the receptor at one or more other 
locations has specific binding sites, each of the 20 
receptors being labelled with a marker. 

Patentanspruche 

1. Verfahren zur Bestimmung der Analyt-Konzen- 25 
tration in einer Probe mit unbekannter Flussig- 

keit, bei dem die Probe mit einem Bindungs- 
stellen fur den Analyten aufweisenden und mit 
einer ersten Markierung markierten Rezeptor- 
molekul in Beruhrung gebracht wird, wodurch 30 
ein Teil der Bindungsstellen auf dem Rezeptor- 
molekul durch den Analyten besetzt werden, 
der teilweise besetzte Bindungsstellen aufwei- 
sende Rezeptor mittels einer ein System mit 
einer von der ersten Markierung unterschiedli- 35 
chen zweiten Markierung einschlie/Jenden 
Rucktitrationstechnik zurucktitriert wird. die re- 
lativen Starken der beiden von den beiden 
Markierungen erzeugten Signale gemessen 
werden, urn einen fur die teilweise Besetzung 40 
der Bindungsstellen durch den Analyten auf 
dem Rezeptormolekul reprasentativen Wert zu 
liefern, und dieser Wert mit einem Oder mehre- 
ren entsprechenden. auf dieseibe Weise erhal- 
tenen Werten unter Verwendung von einer 45 
oder mehreren Proben mit Standard-Fiussig- 
keit bekannter Analyt-Konzentration verglichen 
wird. dadurch gekennzeichnet, daB die Proben 
mit unbekannter Flussigkeit und die Proben 
mit Standard-Flussigkeit jeweils mit einer sol- so 
chen kleinen Rezeptormenge unter Beruck- 
sichtigung seiner Affinitatskonstanten mit dem 
Analyten in Beruhrung gebracht werden, daB 
nur ein unbedeutender Teil des Analyten an 
den Rezeptor gebunden wird. 55 

2. Verfahren nach Anspruch 1. dadurch gekenn- 
zeichnet, daB es sich bei den Markierungen 



urn fluoreszierende Markierungen handelt. 

3. Verfahren nach Anspruch 1 oder 2, dadurch 
gekennzeichnet, daB die Rucktitrationstechnik 
ein kompetitives System einschliefllich eines 
Rucktitrations-Reagens, ausgewahlt aus einem 
mit einer Markierung markierten Analyten und 
einem weiteren Material, das in der Lage ist. 
nur die unbesetzten Analyt-Bindungsstellen auf 
dem Rezeptormolekul zu besetzen und mit 
einer Markierung markiert ist, umfaBt. 

4. Verfahren nach Anspruch 1 oder 2, dadurch 
gekennzeichnet, daB die Rucktitrationstechnik 
ein nicht-kompetitives System einschliefllich ei- 
nes Rucktitrations-Reagens, das in der Lage 
ist, mit dem gebundenen Analyten oder nur mit 
den vom gebundenen Analyten besetzten Bin- 
dungsstellen auf dem Rezeptormolekul zu bin- 
den und bereits markiert ist oder nachfolgend 
mit einer Markierung markiert wird, umfaBt. 

5. Verfahren nach einem der Anspruche 1 bis 4. 
dadurch gekennzeichnet, daB der unbedeuten- 
de Teil weniger als 2% der Gesamtmenge des 
anwesenden Analyten ausmacht. 

6. Verfahren nach einem der Anspruche 1 bis 5, 
dadurch gekennzeichnet, daB es sich bei dem 
Rezeptor um einen Antikorper fur den Analy- 
ten handelt. 

7. Verfahren nach einem der Anspruche 1 bis 6, 
dadurch gekennzeichnet, daB es sich bei dem 
Analyten um ein Hormon handelt. 

8. Verfahren nach einem der Anspruche 1 bis 7, 
dadurch gekennzeichnet, daB die den Analyten 
enthaltende Probe nicht den reversibel an ein 
Bindungsmittei gebundenen Analyten enthalt. 

9. Verfahren nach einem der Anspruche 2 bis 8, 
dadurch gekennzeichnet, daB es sich bei den 
Markierungen um verschiedene Lanthanid-Che- 
late handelt, die nur bei Aktivierung fluoreszie- 
rend werden, und daB die Ruoreszenz durch 
zeitlich aufgeioste Impulsfluoreszenz mit Abta- 
stung durch einen Lichtstrahl hoher Intensitat 
geschatzt wird. 

10. Ausrustung zur Verwendung bei einem Verfah- 
ren zur Bestimmung der Analyt-Konzentration 
in einer Flussigkeitsprobe, wobei jene Ausru- 
stung ein festes Substrat mit daran gebunde- 
nen Molekulen eines mit einer ersten, vorzugs- 
weise fluoreszierenden . Markierung markierten 
Rezeptoren mit Bindungsstellen fur einen Ana- 
lyten umfaBt, wobei die Rezeptormenge auf 
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dem Substrat entsprechend der Grofle der 
Flussigkeitsprobe ausgewahlt wird, so da/3 nur 
ein unbedeutender Teil des Analyten in der 
Probe an den Rezeptor gebunden wird, wobei 
eine Oder mehrere Standard-Losungen be- s 
kannte Konzentrationen des Analyten und ein 
mit einer zweiten vorzugsweise fluoreszieren- 
den Markierung, die sich von der ersten unter- 
scheidet und direkt Oder indirekt entweder an 
den gebundenen Analyten oder an die durch w 
den gebundenen Analyten besetzten Bin- 
dungsstellen oder an die nicht durch den ge- 
bundenen Analyten besetzten Bindungsstellen 
binden kann, markiertes Rucktitrations-Rea- 
gens enthalten. 75 

11. Ausrustung nach Anspruch 10, dadurch ge- 
kennzeichnet, da/J sie eine Analysevorrichtung 
einschlieflt, umfassend ein erweitertes testes 
Substrat mit einer Mehrzahl verschiedener, je- 20 
weils Bindungsstellen an ihrem Molekul fur ei- 
nen Analyten aufweisender Rezeptoren an ei- 
ner Mehrzahl von beabstandeten Stellen, wo- 
bei der Rezeptor an jeder beliebigen Stelie 
Bindungsstellen aufweist, die spezifisch sind 25 
fur einen sich von dem Analyten, fur den der 
Rezeptor an einer oder mehreren anderen 
Stellen spezifische Bindungsstellen aufweist. 
unterscheidenden Analyten, wobei jeder der 
Rezeptoren mit einer Markierung markiert ist. 30 

Revendications 

1. Procede de determination de la concentration 

d'une substance a analyser dans un echantil- 35 
Ion liquide non-determine. comportant ia mise 
en contact de Techantillon avec une molecule 
receptrice ayant des sites de liaison pour la 
substance a analyser et marquee a I'aide d'un 
premier marqueur, ' caracterise en ce qu'une 40 
partie des sites de liaison sur la molecule 
receptrice est occupee par la substance a ana- 
lyser, titrant en retour le recepteur ayant des 
sites de liaison partiellement occupes a I'aide 
d'une technique de titration en retour faisant 45 
appel a un systeme comprenant un deuxieme 
marqueur different du premier, mesurant les 
forces relatives des deux signaux produits par 
les deux marqueurs pour donner une valeur 
representative de I'occupation partieile des si- so 
tes de liaison sur la molecule receptrice par la 
substance a analyser, et comparant cette va- 
leur a une ou plusieurs valeurs correspondan- 
tes obtenues de la m§me maniere a I'aide 
d'un ou plusieurs echantillons liquides stan- 55 
dard de concentration determined en substan- 
ce a analyser, caracterise en ce que chacun 
des echantillons liquides non determines et 



standard sont mis en contact avec une quanti- 
te de recepteur si faible, compte tenu de sa 
constante d'affinite pour la substance a analy- 
ser, que seulement une partie negligeable de 
la substance a analyser se lie au recepteur. 

2. Procede selon la revendication 1, caracterise 
en ce que les marqueurs sont des marqueurs 
fluorescents. 

3. Procede selon la revendication 1 ou 2, caracte- 
rise en ce que la technique de titration en 
retour fait appel a un systeme competitif com- 
portant un reactif de titration en retour choisi 
parmi la substance a analyser marquee par un 
marqueur et une autre matiere susceptible 
d'occuper seulement les sites de liaison de la 
substance a analyser non-occupes sur la mo- 
lecule receptrice, et marquee a I'aide d'un 
marqueur. 

4. Procede selon la revendication 1 ou 2. caracte- 
rise en ce que la technique de titration en 
retour fait appel a un systeme non-competitif 
comportant un reactif de titration en retour apte 
a se lier a la substance a analyser liee, ou 
seulement aux sites de liaison de la molecule 
receptrice occupee par la substance a analy- 
ser liee et qui est marquee au prealable ou 
marquee ulterieurement a I'aide d'un mar- 
queur. 

5. Procede selon Tune quelconque des revendi- 
cations 1 a 4, caracterise en ce que la fraction 
negligeable est inferieure a 2 % de la quantite 
totale de substance a analyser presente. 

6. Procede selon Tune quelconque des revendi- 
cations 1 a 5, caracterise en ce que le recep- 
teur est un anticorps pour la substance a ana- 
lyser. 

7. Procede selon Tune quelconque des revendi- 
cations 1 a 6, caracterise en ce que ia subs- 

— tance a analyser est une hormone. - 

8. Procede selon Tune quelconque des revendi- 
cations 1 a 7, caracterise en ce que I'echantil- 
lon contenant la substance a analyser ne 
contient pas la substance a analyser liee de 
maniere reversible a un agent de liaison. 

9. Procede selon Tune quelconque des revendi- 
cations 2 a 8, caracterise en ce que les mar- 
queurs sont des chelates lanthanides differents 
qui deviennent fluorescents seulement apres 
activation et la fluorescence est evaluee par 
fluorescence pulsee a pouvoir de resolution 
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dans le temps faisant appel a un balayage a 
I'aide d'un faisceau lumineux de forte intensite. 

10. Kit a mettre en oeuvre dans un procede de 
determination de la concentration d'une subs- 
tance a analyser dans un echantillon iiquide, 
ledit kit comportant un support solide auquel 
sont attachees des molecules d'un recepteur 
marque a I'aide d'un premier marqueur, de 
preference fluorescent, et ayant des sites de 
liaison pour une substance a analyser, la quan- 
tity de recepteur sur le support etant choisie 
selon le volume de I'echantillon Iiquide de sor- 
te que seulement une partie negligeable de la 
substance a analyser dans I'echantillon se lie 
au recepteur, une ou plusieurs solutions stan- 
dard contenant des quantites determinees de 
la substance a analyser et un reactif de titra- 
tion en retour marque a I'aide d'un deuxieme 
marqueur, de preference fluorescent, different 
du premier et susceptible de se lier directe- 
ment ou indirectement soit a la substance a 
analyser liee, soit aux sites de liaison occupes 
par la substance a analyser liee. ou suscepti- 
ble de se lier aux sites de liaison non-occupes 
par la substance a analyser liee. 

11- Kit selon la revendication 10, caracterisee en 
ce qu'il comporte un dispositif d'analyse com- 
portant un support solide allonge portant a 30 
plusieurs localisations espacees plusieurs re- 
cepteurs dtfferents ayant chacun des sites de 
liaison sur leur molecule pour une substance a 
analyser, le recepteur a n'importe quelle locali- 
sation ayant des sites de liaison specifiques 35 
pour une substance a analyser differente de la 
substance a analyser pour laquelle le recep- 
teur a une ou plusieurs autres localisations a 
des sites de liaison specifiques, chacun des 
recepteurs etant marque a I'aide d'un mar- 40 
queur. 
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